Aims: Hospital readmissions serve as a major benchmark for the quality of care and alcohol withdrawal (AW) may lead to multiple hospitalizations and readmissions. We sought to evaluate readmission rates and predictors of having AW-related readmissions in a nationally representative sample. Short summary: In a nationally representative sample, AW readmission within 30 days and multiple readmissions during the year were high and were particularly predicted by discharge against medical advice (AMA), comorbid psychosis, comorbid depression, poor socioeconomic status, comorbid drug abuse and alcohol-related medical disease. Methods: Subjects from the 2013 Nationwide Readmissions Database (NRD) with AW as a primary or secondary diagnosis. Cross-sectional and retrospective analyses were performed using regression methods appropriate for the NRD complex sampling design. The outcome measures were AW-related readmission, 30-day readmission and multiple readmissions. Results: In 2013, 393,118 discharges involved ICD-9 coding for AW and 41.5% of these included AW as the primary discharge diagnosis. The rate of AW-related readmission in 2013, as estimated from first-quarter index events, was 58.8% (95% confidence interval (CI) 57.5-60.1), with an average of 1.8 readmissions (95% CI 1.7-1.9). The 30-day readmission rate, estimated from JanuaryNovember index events, was 19.7% (95% CI 19.0-20.4). The strongest independent predictors of yearly, 30-day and multiple readmission were discharged AMA and comorbid psychotic disorder. Conclusion: AW readmission within 30 days and multiple readmissions during the year were common and were particularly predicted by AMA discharge and comorbid psychotic disorder. While these and other factors can help identify high-risk patients, further study to determine causal mechanisms may aid efforts to improve both the outcomes and costs associated with acute AW treatment.
BACKGROUND
Approximately, 6.2% of the adult population in the USA or roughly 15 million individuals had an alcohol use disorder (AUD) in 2015 (National Institute on Alcohol Abuse and Alcoholism, 2015) . Alcohol-related problems pose a massive economic burden on the healthcare system. For example, from 2002 to 2010, the rate of emergency department visits for alcohol-related diagnoses increased by 38% (Centers for Disease Control and Prevention, 2013) . Alcohol dependence and associated conditions constitute major problems in acute care settings. Alcohol withdrawal (AW) is the most common alcohol-related illness that requires inpatient admission and is associated with adverse events such as uncontrolled agitation with the potential for over-sedation, generalized seizures and prolonged hospital stay (Clark et al., 2013) .
Hospital readmissions serve as a quality care benchmark and hospitalists may encounter repeated AW admissions for the same patient. Rates of readmission among patients presenting to detoxification programs within 1 year have ranged from 34% to 48% (Running Bear et al., 2014) . Patients who reported alcohol as the primary preferred drug were more likely to be readmitted within 1 year (Li et al., 2008) . In efforts to limit readmission, a number of single-centered studies have sought to identify readmission predictors (Callaghan, 2003; Carrier et al., 2011; Li et al., 2008; Mark et al., 2006) . Some limitations of these studies include poor generalizability, inability to identify patients readmitted elsewhere, a focus on patients admitted to dedicated detoxification units or intensive care units, and limiting study to those with a primary AW diagnosis (Callaghan, 2003; Carrier et al., 2011; Clark et al., 2013; Li et al., 2008; Mark et al., 2006; Running Bear et al., 2014) .
In this study, we utilized a nationally representative sample of hospital discharges to estimate 30-day and yearly readmissions of AW patients, and to evaluate potential predictors of readmissions.
METHODS
We analyzed the 2013 Nationwide Readmissions Database (NRD), a subset of the Healthcare Cost and Utilization Project sponsored by the Agency for Healthcare Research and Quality (AHRQ), a nationally representative sample of acute care hospital discharges in the USA. The NRD is a large publicly available all-payer inpatient care database. Unweighted, the NRD contains data from~14 million discharges each year, estimating roughly 36 million weighted discharges, with unique linkage numbers used to identify any additional hospital discharges for each subject. National estimates are produced using sampling weights provided by the sponsor and precision is estimated using stratification and clustering variables to account for the complex probability sampling scheme. The study was granted exemption from human subjects review as it involved de-identified and publically-available data.
Identification of alcohol withdrawal and hospital readmissions
The 2013 NRD provided up to 25 ICD-9 diagnoses for each hospital discharge. AW (ICD-9 code 291.0) and AW delirium (ICD-9 code 291.81) were combined to identify AW hospitalizations. Other ICD-9 diagnoses such as 'alcohol abuse' were not included. Primary AW included hospital discharges with withdrawal or withdrawal delirium as the primary diagnosis. Secondary AW included hospital discharges with other primary diagnoses. For estimating readmissions, an 'index event' was defined as having a hospital discharge that involved AW and did not result in death. Index events occurring in December were excluded from the 30-day readmission analyses, since readmissions may have extended into 2014. Index events occurring in the first 3 months of 2013 were used to approximate yearly readmissions.
Potential predictors of readmission
Potential predictors included demographic variables (age, sex and markers of socioeconomic status), tobacco abuse due to its association with alcoholism and adverse health events, alcohol-related medical disease, index admission through the emergency room (ER) since this may reflect severity, and factors identified in previous studies (mental health disorders, comorbid drug abuse). Age, sex and admission through ER were directly included in the NRD database. We did not evaluate ethnicity as this variable was not consistently recorded in the NRD. Alcohol-related medical disease was categorized as present or not present dependent on having an ICD-9 diagnosis that was specific for alcohol-related organ damage. In the ICD-9 system, this was limited to liver disease, cardiomyopathy, polyneuropathy and gastritis. We adopted a conservative approach and did not attempt to categorize other diagnoses as alcohol-related (e.g. an ICD-9 diagnosis of alcohol abuse during a hospitalization for pancreatitis or seizure). As a marker of socioeconomic status, low income was estimated from average income in the zip code of residence, with those living in the lowest quartile zip codes categorized as 'low income'. Socioeconomic status was also estimated from health insurance records, with those having only Medicaid or relying on selfpay being compared with those with other forms of health insurance. Depression, psychosis and drug abuse were derived from the AHRQ comorbidity indices for these conditions that are directly provided in the NRD. Tobacco abuse was derived using ICD-9 codes.
Statistical analysis
All analyses adjusted for the NRD sampling design and were completed with SAS version 9.4 (SAS Institute, Cary, NC, USA). The total number of hospital discharges involving AW as a primary or secondary diagnosis was estimated using PROC SURVEYFREQ. The probability of readmission and average number of readmissions were estimated using PROC SURVEYMEANS. PROC SURVEYLOGISTIC was used to estimate unadjusted and adjusted risks for readmission associated with each covariate. PROC SURVEYLOGISTIC with a generalized logit link was used to estimate odds ratios for having Not equal to total AW discharges included in the text as 30-day readmission analysis did not include December discharges (n = 32,066), subjects who died during an index admission (n = 5,684) and subjects where missing data (n = 883) did not allow for readmission analysis. one or multiple readmissions relative to no readmissions. In addition to the overall sample of AW discharges, we repeated analyses in the subset of patients who did not have a primary mental health diagnosis. This was done to reflect a medical-surgical population that may better represent patients cared for by hospitalists.
RESULTS
There were 393,118 discharges that involved ICD-9 coding for AW as a discharge diagnosis with 41.5% having AW as the primary discharge diagnosis. The yearly readmission rate, estimated from first-quarter index events, was 58.8% (95% CI 57.5-60.1), with an average of 1.8 readmissions per patient (95% CI 1.7-1.9). The 30-day readmission rate, estimated from January-November index events, was 19.7% (95% CI 19.0-20.4). Table 1 compares the characteristics of patients with AW diagnosis who required readmission for any reason within 30 days of discharge from an index admission. Male patients and those with poor socioeconomic status, comorbid depression, psychosis and other drug abuse were more likely to be readmitted, as were those with alcohol-related medical conditions to a lesser extent. Discharge against medical advice (AMA) had the strongest association with readmission. Age, tobacco abuse and admission through the emergency department were not associated with early readmission.
In an adjusted analysis (Table 2) , all factors associated with 30-day readmission in Table 1 remained statistically significant predictors. The strongest independent predictor was AMA discharge (OR 2.01, 95% CI 1.90-2.10) followed by comorbid psychosis (OR 1.54, 95% CI 1.48-1.60). As seen in Figure 1 , except for gender, a similar pattern held for any readmission in the calendar year. AMA discharge, comorbid psychosis and health insurance status were the strongest predictors for having multiple readmissions.
In the subset analysis stratified by primary mental health discharges, the 30-day readmission rate of AW discharges with and without primary mental health diagnosis were~22% and 19%, respectively. Results in those without a primary mental health discharge diagnosis were in general similar to the overall sample. Minor differences included statistically significant increases in 30-day readmission for an index event involving the ER (odds ratio 1.26, P < 0.001) and for those with tobacco abuse (odds ratio 1.05, P = 0.037) and similar risks for yearly readmission.
DISCUSSION
We report data from a nationally representative database on the predictors of readmission following an AW discharge (1.3% of all adult discharges). Our results showed an approximate yearly readmission rate approaching 60%, a high prevalence of multiple readmissions and nearly 20% of subjects having an early readmission. This is higher than the previously reported readmission rates of 34-48% in similar studies (Ponzer et al., 2002; Callaghan, 2003; Li et al., 2008; Mark et al., 2006) . Compared with these single-centered studies, ours being a nationally representative sample may have captured a more accurate number of readmissions. Several predictors of readmission have been identified, with the most important risk factors including discharge AMA and comorbid psychosis.
The association between AMA discharge and readmission is particularly strong and could be related to incomplete detoxification with a resultant immediate return to heavy drinking following hospitalization. However, prior research has identified several correlates of AMA discharge, including young age, reporting opiates as the primary preferred drug, having HCV infection, welfare check issue period and lower education level (Li et al., 2008) . Thus, the relationship between AMA discharge and readmission may be much more complex than incomplete detoxification. Though there is a downward annual trend observed in AMA discharges among the mental health and substance abuse population (Spooner et al., 2017) , further studies are needed to characterize this at-risk population in order to achieve better patient outcomes and reduced costs.
Other important predictors included markers of socioeconomic status and comorbid psychosis. As shown in previous studies (Mark et al., 2006; Carrier et al., 2011) , we had similar findings of increased readmission in low-income patients and those with no insurance or having fee-for-service Medicaid. This may represent poor accessibility of outpatient care following hospitalization, or a more general lack of resources to support health. Our study shows the strong association of comorbid psychosis, and lower magnitude associations of depression and other drug abuse, with 30-day and multiple readmissions. The high prevalence of psychiatric comorbidity and other substance abuse in AUD patients is well-known (Lai et al., 2015) . These conditions are particularly prevalent in hospitalized alcoholics (Stewart, 2007) , and are associated with poor treatment compliance, worse quality of life and poorer outcomes in patients with AUD (Morojele et al., 2012) . Similar to our findings in this nationally representative sample of hospitalized patients, it is well established that psychiatric comorbidity and other substance abuse are risk factors for increased readmissions to detoxification centers (Moos et al., 1994a (Moos et al., , 1994b Luchansky et al., 2000; Mertens et al., 2005; Walker et al., 1995; Tomasson and Vaglum, 1998; Ponzer et al., 2002) . Recent studies have also confirmed this association of comorbid psychiatric condition and other substance abuse with increased readmissions in AW admissions (Booth and Blow, 1993; Clark et al., 2013) , as is shown in our study. The high 30-day readmission rate in AW admissions without comorbid psychiatric condition is also worth mentioning as these two conditions often coexist.
Contrary to previous studies (Luchansky et al., 2000; Mertens et al., 2005) , our study is consistent with Larson et al. (2012) in that women were slightly less likely to have an early readmission. However, gender was not associated with later readmission in adjusted analyses and there was no gender association with multiple readmissions. Surprisingly, specifically-coded ICD-9 diagnoses for alcohol-related medical disease were only weakly associated with readmission. However, comorbid medical conditions in general may have a negative effect on abstinence and result in increased readmissions (Shih and Simon, 2008) and some studies have reported associations of comorbid medical disease with increased readmissions in AW patients (Larson et al., 2012; Clark et al., 2013) . Admissions through the emergency department (representing a large majority of AW discharges), having a primary AW diagnosis and tobacco use disorder were not significantly associated with readmissions, although emergency department admission was a modest risk factor in discharges that did not include a primary mental health diagnosis.
Our study complements prior research by extending findings to a nationally representative sample. We were also able to capture readmissions to different hospitals following an index admission. While these are some of the merits, our study has significant limitations. Data analyses are limited by the accuracy of ICD coding in hospital databases. In particular, it is difficult to adequately capture alcoholrelated medical conditions and many discharges including 'alcohol abuse' may have included unrecorded AW. In our analysis, there were more 'alcohol abuse' primary discharge diagnoses compared with AW diagnosis. Any tendency to under-code alcohol-related conditions may bias association with readmission, and under-coding of AW would at a minimum underestimate AW prevalence. The follow-up period may not have been long enough to detect additional readmissions (for example, an index admission in March 2013 and readmission in January 2014) and, since we assumed index admission to be the first admission, these patients may have had prior admissions in the previous calendar year. However, the study design likely provided close estimates for readmission frequency and prior year AW discharges would not influence estimates on 30-day readmission. Finally, since the NRD is directly abstracted from clinical and administrative hospital records, other previously studied predictors of readmission such as unemployment, homelessness, race, severity of alcohol use, severity of AW, laboratory data such as liver function tests and urine drug screen, clinical case management and follow-up treatment post-discharge could not be studied (Booth and Blow, 1993; Ponzer et al., 2002; Callaghan, 2003; Mark et al., 2006; McLellan et al., 2005; Worner, 1996) .
In conclusion, major risk factors associated with 30-day readmission and multiple readmissions to the US hospitals following an AW discharge were discharge AMA, comorbid psychosis and to a lesser extent low socioeconomic status. Hospitalists can use these factors (e.g. prior AMA discharges, psychoses and poor insurance) to estimate risks for poor outcomes requiring re-hospitalization. However, while these are important markers of risk, further study to determine the underlying causal mechanisms may ultimately aid efforts to improve both the outcomes and costs associated with acute AW treatment.
